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Background
The basic concept of an estuary is 
that it is an aquatic system located at the 
land-sea interface, and it is a transition 
feature, extending from freshwater to 
marine environments. Day (1981) offers 
a more detailed explanatory description 
of the estuarine ecotone that allows for 
intermittent connection to the ocean and 
adds aspects of freshwater ﬂow. Kennish 
(2000) ampliﬁes the variety of descrip-
tors to include classiﬁcations based on 
physiography, hydrography, salinity and 
tidal characteristics, sedimentation, as 
well as ecosystem energetics. 
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ABSTRACT—The coastal geomorpho-
logical processes of alongshore transport 
and tidal currents are interacting with 
the attendant inﬂuences of sea-level rise 
and sediment supply to generate morpho-
sedimentary units in selected estuarine 
systems. Constrained by the conditions pro-
moted by microtidal situations in barrier 
island settings, vectors of sediment trans-
port have established spatial sequences of 
morphologies and sediment types that are 
components of shellﬁsh habitats. Greater 
depth and decreasing grain-size toward 
the mainland are common characteristics 
in ﬁve northeastern U.S. estuarine systems. 
The patterns are repeated at various scales 
among the lagoon-type estuaries as well as 
within the estuarine settings to establish 
geospatial associations of geomorphology 
and habitat. 
This paper is not an attempt to deﬁne 
and describe all estuaries, but it focuses 
on ﬁve estuaries in the northeastern por-
tion of the United States (Fig. 1). In so 
doing, it identiﬁes the geomorphological 
setting of these estuaries and provides 
context to the sedimentological char-
acteristics of a few types of shellﬁsh 
habitat. It also establishes spatial asso-
ciations of sediment types and provides 
explanatory descriptions of grain-size 
distributions that are often associated 
with shellﬁsh abundance (MacKenzie 
et al., 2006).
Geomorphological Basis
The physical features that occur at the 
marine margin of the continents and is-
lands are largely the products of the last 
few thousand years, the Late Holocene, 
when the rising ocean inundated the 
margins of the land masses and created 
the present-day matrix of coastal and 
estuarine systems. Whereas many of 
Figure 1.—The ﬁve estuaries presented in this paper.
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the estuarine settings are derived from 
the drowned topography and pre-exist-
ing forms (Isla, 1995), some aspects 
of the estuarine settings are produced 
by the ambient processes and available 
sediments following the Late Holocene 
sea-level position (Perillo, 1995; Roman 
et al., 2000; FitzGerald and Knight, 
2005). 
The present sea level position is asso-
ciated with the most recent and relatively 
slow rise of several meters (including 
water rising and land subsiding) during 
the last several thousand years after 
millennia of very rapid rise. Although 
there is local variation, a similar re-
gional pattern of relative sea-level rise 
in the Northeast is in agreement with 
the trends reported in coastal Massa-
chusetts and Connecticut by Donnelly 
(2006), a relative rise of about 2.6 m in 
the past 3,300 years. The recent inunda-
tion includes a rate of 0.8 ±0.25 mm/yr 
during 3300–1000 YBP, and a rate of 
0.52 ±0.62 mm/yr from 1000 YBP to 
150–500 years ago. However, it must 
be pointed out that relative sea-level rise 
has increased substantially in the past 
several centuries to 2–4 mm/yr (Bindoff 
et al., 2007). Importantly, the recent 
(past 3,300 years) slow rate of sea-level 
rise was accompanied by sediment ac-
cumulation in the form of barrier islands 
and wetland expansion at the coast that 
contributed to the geomorphological 
characteristics of the estuaries (Walker 
and Coleman, 1987). 
Several studies have created geo-
morphological groupings of estuaries. 
Kennish (1986) has summarized a wide 
range of estuarine literature to produce a 
classiﬁcation that consists of four broad 
genetic associations: 1) drowned river 
valleys; 2) lagoon-type, bar-built; 3) 
fjord-type; and 4) tectonically produced. 
That classiﬁcation includes the major 
groupings but lacks details of the geo-
morphological products. Earlier, Davies 
(1964) approached estuaries as group-
ings within a climatic and geographical 
association, describing estuarine form 
related to glacial processes at one cli-
matic extreme and to coralline processes 
at the other extreme, creating a primary 
classiﬁcation very much like the more 
recent effort by Kennish. However, 
Davies further reviewed the active geo-
morphological processes (waves, tidal 
range, tidal currents, storms) associated 
with estuaries and suggested that tidal 
range was a major variable in the de-
velopment of morpho-sedimentological 
characteristics within estuarine settings. 
He identified the concept of micro-, 
meso-, and macro-tidal morphologies 
later ampliﬁed by Hayes (1975, 1980) 
as a basis for discriminating groupings 
of process-response characteristics (pro-
cesses acting upon sediments to produce 
morphologies) in coastal settings. 
Essentially, estuarine coastal areas 
with low tidal ranges will tend to have 
impressive tidal deltas and consider-
able sedimentation driven through the 
functioning inlets to create ﬂood-tide or 
ebb-tide dominated deltas with a myriad 
of channels and delta lobes (Knight 
and FitzGerald, 2005). As tidal range 
increases, the dominance of the tidally-
created landforms tends to decrease and 
ﬂuvial forms at the inland margin of the 
estuary become more significant. At 
the extreme, the macrotidal estuary has 
a broad mouth open to the sea. Waves 
and sediment supply are important to 
the microtidal condition because the 
coastwise barrier and the tidal deltas 
are composed of sand delivered along 
the shore face. However, rather than 
inland transfers along the entire seaward 
margin of the estuary (as in the high 
tidal range coasts), the transfers in the 
microtidal settings are restricted to the 
presence of inlets and the growth of tidal 
deltas at those sites.
Implicit in both Davies (1964) and 
Hayes (1975) is the availability of 
sediment to create the morpho-sedi-
mentological units. Sediment becomes 
an additional variable because the 
coastal system is transporting material 
through space across time. Therefore, 
some aspects of the geomorphological 
evolution of form may never reach full 
development because of a sediment 
limitation, or some aspects may be in an 
accumulating or eroding mode because 
of vectors of sediment delivery. In site-
specific examples, the products of a 
process-response association are often 
constrained by the quantity and quality 
of sediments available (Cooper, 2001). 
The variety of input sources determines 
the size and mineralogy of the sediments 
delivered to the estuaries, and therefore, 
it is common to ﬁnd a wide range of 
sediment sizes in an estuarine environ-
ment. Estuarine sediments may range in 
size from gravel (>2 mm), to silt (<1/16 
mm), but most common grain sizes are 
found in the sand class ranging in size 
among very coarse sand (2–1 mm); 
coarse sand (1–1/2 mm); medium sand 
(1/2–1/4 mm); ﬁne sand (1/4–1/8 mm); 
and very ﬁne sand (1/8–1/16 mm). 
The following discussion and de-
scriptions apply the concepts of coastal 
geomorphological associations to the 
evolution of ﬁve speciﬁc estuaries in 
the northeastern portion of the United 
States and offer some insights to the 
distribution of physical characteristics 
within these sites. By extension, the 
pattern of morphologies and sediment 
types interfaces with ﬂows, bathymetry, 
and salinity gradients to inﬂuence shell-
ﬁsh distributions (Hunt, 2005; Mann et 
al., 2005). 
Barnegat Bay
The Barnegat Bay embayment is a 
shore parallel estuary with an area of 
155 km2 and one direct inlet. It has a 
coastal length of about 39 km and a 
width that varies from less than 1.0 km 
at its northern portion to about 7 km 
opposite Barnegat Inlet (Fig. 2). The 
dominant tides are microtidal, varying 
from a range of about 0.6 m spring tide 
to 0.3 neap tide at the inlet and decreas-
ing away from the inlet (Guo et al., 
1997). The estuary is shallowest at its 
eastern margin, adjacent to the barrier, 
and deepest (maximum of 7 m) toward 
the contact with the continent (Kennish, 
2001). The morpho-sedimentary units 
within the estuary are related to the geo-
morphological evolution of the barrier 
spit as it migrated inland and extended 
southerly (Psuty, 2004). Availability of 
sediment has been a constraint. Some 
of the limitation is related to the source 
area. According to McMaster (1954), 
the alongshore transport supplying the 
barrier island seaward of Barnegat Bay 
is limited to erosion of the Pleistocene 
headland north of the bay and a very lim-
ited supply of sediment from offshore. 
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Figure 2.—Distribution of morpho-sedimentary units in Barnegat Bay; detailed distri-
bution of morpho-sedimentary units in the Silver Bay–Kettle Creek micro-estuaries.
The result of that limitation is a narrow 
barrier and a very restricted ﬂood-tide 
delta and overwash contribution as the 
barrier was extending southward. Fur-
ther, by the time the barrier equilibrated 
in position relative to sea-level rise, the 
inlet was near the southern margin of 
the estuary. 
Independent of the exact causal 
situation, the present geomorphological 
association is a variation in the morpho-
sedimentary units along the long axis 
of the Barnegat estuary (Fig. 2, 3). The 
dominant sedimentary feature is the 
broad zone of medium sand that forms 
a 2–3 km wide shelf extending west-
erly from the barrier spit into the bay. 
The shelf increases to 4–5 km in width 
nearer Barnegat inlet and sediment sizes 
shift toward coarse sand. There are two 
morpho-sedimentary trends evidenced. 
One is the increasing width of the 
medium-sand shelf with a depth of up 
to 2 m from north to south. The other is 
the grain size gradient that is coarser on 
the ocean side of the estuary and ﬁner 
toward the continent; this characteristic 
also co-varies with depth in the estuary. 
This morphological assemblage is con-
sistent with the persistence of a major 
inlet in the southern portion of the estu-
ary and the accumulation of sediment 
in a ﬂood-tide delta process-response 
relationship. It is also in agreement with 
the importance of tidal currents in the 
generation of morpho-sedimentary units 
in microtidal locations (Davies, 1964; 
Hayes, 1980). 
The major geomorphological feature 
is the extensive ﬂood-tide delta at the 
present location of Barnegat Inlet and 
its variety of forms and sediment types. 
The inlet has been artiﬁcially stabilized 
since 1939 and the ﬂood tide delta had 
been expanding into the southern bay 
prior to stabilization (Kennish, 2000). 
Although the delta is composed largely 
of medium sand, the deeper tidal chan-
nels in the delta are lined with coarse 
shell debris and some gravel, creating 
lineations and habitats cutting across 
the general morpho-sedimentary units. 
Former ﬂood-tide delta forms compose 
the broad shelf along the estuarine 
margin of the barrier spit, and subse-
quent re-working of the tidal delta de-
posits has altered most of their channel 
morphologies. Thus, whereas there may 
be ancestral lobate sedimentary projec-
tions into the bay associated with former 
inlets or washover features, there is little 
variation in the deltaic morphology or 
sediment type at this time, and little 
variation in shellﬁsh habitat.
The northern and inland part of the 
Barnegat Bay has a repetitive suite 
of morpho-sedimentary units that 
is related to tidal ﬂows in the minor 
drainage channels emanating from the 
mainland. Detailed analysis of bottom 
sediments in the Kettle Creek–Silver 
Bay area identify the local interaction 
of tidal currents and wave action that 
create sandy barriers across the mouths 
of each of the small drainage channels 
(Fig. 2, inset). The pattern consists of a 
well-sorted, medium sand accumulation 
that extends as a shallow bar across the 
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Figure 3.—Aerial view of Barnegat Bay, 
showing the extensive ﬂood-tide delta at the 
Barnegat Inlet and the broad shelf along the 
estuarine margin of the barrier spit, formed 
by earlier ﬂood-tide delta and overwash 
deposits.
mouth of the channel. Tidal ﬂows and 
local wave action have concentrated the 
coarser sands at these locations, with 
ﬁner sediments both inland and bayward 
of the bar. The association of sediment 
type and morphology is well-displayed 
in the bivariate plot of grain-size versus 
a measure of sorting (expressed as 
standard deviation in phi units) for the 
complex situation found at the Kettle 
Creek–Silver Bay site (Fig. 4). 
The points on the plot are sediment 
sample sites and they cluster in the fol-
lowing groups: 1) the sand bar at the 
mouth of the channels is well-sorted 
medium sand; 2) the sediments at the 
inland portions of the micro-estuaries 
are composed of silts with poorer sorting 
than the bar; 3) there is a narrow beach at 
the southern margin of the channels that 
is well-sorted very ﬁne sand; 4) there is 
a transition zone to either side of the bar 
environment that incorporates ﬂuvial 
silts, the mean grain size is between 
the two major clusters and has poorer 
sorting; and 5) some of the bottom in 
these micro-estuaries (and elsewhere in 
the larger estuary) lacks any new sedi-
ment accumulation and consists of an 
old oxidized surface with gravels and 
pebbles (with a large mean grain size 
and very poor sorting), this is a kind of 
relic topography that is not related to the 
modern coastal or estuarine processes or 
sediment supply. 
Portions of the continental margins of 
the estuary have narrow beach deposits 
that extend into the adjacent water and 
create spatially-limited bottom types 
because of the exposure to ambient wave 
conditions and available sediments. 
They form isolated shore-parallel bands 
of well-sorted medium-to-fine sand 
bounded by ﬁner sediments.
Importantly, the juxtaposition of 
sediments and morphologies present in 
Barnegat Bay represents associations 
of hydrographies and ﬂows that create 
shellﬁsh habitats and they may be re-
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Figure 4.—Bivariate plot of sorting (standard deviation in phi units) and mean grain-size values of sediment samples from Kettle 
Creek–Silver Bay micro-estuaries, Barnegat Bay (after Psuty, 2004). Samples were collected from a variety of morphological fea-
tures within and adjacent to the micro-estuaries. The relict surface has no recent sediment accumulation and thus has no relationship 
to the ambient processes.
peated in other estuarine situations that 
have similar current ﬂow regimes and 
sediment availability.
Great Egg Harbor Estuary
The Great Egg Harbor embayment 
is a complex estuary that incorporates a 
lagoon-type form along with a drowned 
river valley. It has one active inlet. At 
present, it encompasses an area of 22 
km2, has a coastal length of about 8 km, 
and a width that varies from about 1.0 
km near its inlet to about 4.5 km inland 
from Ocean City, NJ (Fig. 5). The domi-
nant tides are microtidal, with a range 
varying from about 1.52 m spring tide 
to 0.7 m neap tide at the inlet.1 
There is an abundant coastal sediment 
supply being delivered from the erosion 
of a drowned delta to the north as well 
as sediment arriving from the south, 
transported from the Delaware River 
(McMaster, 1954; Dobday, 1981). The 
estuary has a large ﬂood tide delta that 
occupies 3 km2. There are deep chan-
nels along the margins of the tidal delta 
through which there is a counter-clock-
wise tidal current circulation (Psuty et 
al.2). The morpho-sedimentary units 
within the estuary are related to the geo-
morphological evolution of the barrier 
island and the ﬂood tide delta building 
into Great Egg Harbor Inlet.
The present morpho-sedimentary 
pattern consists of a series of subaerial 
marsh islands atop a complex of very-
ﬁne sand shoals extending inland toward 
the drowned river channel (Fig. 5, 6). The 
major channels and their distributaries 
dissecting the ﬂood-tide delta are sites 
of coarser sediments, usually with ﬁne 
sand and shell lining the channel. 
The channels near the inlet have high 
concentrations of shell debris covering 
the bottoms and coarser sediments. In 
places of very high tidal currents, the 
bottom sediments are composed of relic 
materials, the old Pleistocene surface 
which has no modern sediment accu-
1Mean tide conditions are available for Great 
Egg Harbor on the NOAA Tides and Currents 
website located at: http://tidesandcurrents.noaa.
gov/tides09/tab2ec2b.html#32
2Psuty, N. P., Q. Guo, and N. S. Suk, 1993. Sedi-
ments and sedimentation in the proposed ICWW 
Channels, Great Egg Harbor, NJ. Report submit-
ted to O’Dea, Pavlo & Associates, 107 p.
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Figure 5.—Distribution of morpho-sedimentary units in Great Egg Harbor. 
mulation. These sites tend to be deeper 
and near the contact with the margin of 
the continent. All of the sand is derived 
from the marine side of the estuary 
and shallow cores demonstrate that the 
marine sand covers former bay habitats 
consisting of silty open-water deposits, 
and that habitats shifted from oyster 
beds at the base of the cores to hard clam 
environments at the core surface as sea 
level rose and salinity gradients changed 
(Psuty et al.2). 
The Great Egg Harbor is a relatively 
small site, and it is dominated by the 
ﬂood-tide delta composed of ﬁne and 
very ﬁne sand. There are deep channels 
that ﬂank either side of the delta and 
one shallower channel that bisects the 
delta. The channels are the avenues of 
tidal ﬂow and relatively coarser sedi-
ments in transport. The shoals extend 
through most of Great Egg Harbor and 
lie between the major channels. They 
form a shallow zone that connects with 
the mainland to the west of Great Egg 
Harbor. There is a grain-size gradient 
that has coarser material nearer the 
inlet and ﬁner material inland. Sort-
ing decreases inland as fluvial silts 
mix with the coastal sands, creating a 
softer bottom with modest changes in 
morphology, leading to good shellﬁsh 
habitat. The deep channels at the mar-
gins of the ﬂood tide delta tend to have 
a consistent depth and bottom type. 
The quantity of sand entering the 
Great Egg Harbor estuary is apparently 
insufﬁcient to maintain the complete 
ﬂood-tide delta system. An analysis of 
the areal extent of the islands and the 
shoals from aerial photos covering the 
period of 1940 to 1991 (Guo and Psuty, 
1997) reveals that the islands and shoals 
are diminishing in areal extent, a loss of 
5% over this 51-year period, and shift-
ing inland. Cores and grab samples also 
suggest that the islands and shoals are 
eroding on their inlet margin and extend-
ing inland. A few C137 dates from the 
island indicate that the combined rate of 
sea-level rise and compaction in the very 
recent accumulations is on the order of 
7 mm/yr (Psuty et al.2). That is a very 
large demand on the ambient sediment 
transport mechanisms to maintain the 
characteristics of the surface area of the 
ﬂood-tide delta, leading to a shift in the 
morpho-sedimentary units and a migra-
tion of the sites of shellﬁsh abundance. 
Great South Bay
Great South Bay is a shore-parallel, 
lagoon-type estuary with one major inlet 
(Fire Island Inlet) and a secondary inlet 
(Moriches Inlet) that is connected to the 
ocean via the next embayment to the 
east (Moriches Bay). Great South Bay 
has an area of 217 km2, a coastal length 
of about 37 km, and a width that varies 
from about 300 m at its eastern end to 
nearly 9 km at its western portion (Fig. 
7). The dominant tides are microtidal, 
attaining a range of about 1.3 m at 
spring tide at the ocean side near the 
stabilized Fire Island Inlet.3 Tidal range 
decreases greatly into the bay, with an 
average spring range from 0.21 to 0.62 
m, lower ranges at greater distances 
from the inlet. Although there are some 
deep channels in portions of Fire Island 
Inlet, the estuary tends to have a broad 
3Mean tide conditions are available for Great 
South Bay on the NOAA Tides and Currents 
website located at: http://tidesandcurrents.noaa.
gov/tides09/tab2ec2a.html#20
gently-sloping shelf extending and deep-
ening inland from the southern margin 
(ocean side). The deepest portion of 
the estuary is 3–4 m and it is nearer the 
inland margin of the bay. As with other 
lagoon-type estuaries, the distribution 
and makeup of the morpho-sedimentary 
units within the embayment are related 
to the geomorphological evolution of 
the ancestral barrier spit as it migrated 
inland and extended westerly (Bokuni-
ewicz and Schubel, 1991). 
In the past, there was a very abundant 
sediment supply available to construct 
the barrier island system along Long 
Island. Glacial outwash at and near the 
eastern end of Long Island provided 
great quantities of sand that was eroded 
and transported westerly (Taney, 1961; 
Williams, 1976; Rosati et al., 1999). 
The geomorphological features on 
Fire Island indicate that the island is 
composed of several smaller islands 
that have coalesced to form the present 
lengthy barrier (Psuty et al., 2005). 
The presence of former inlets associ-
ated with the multi-island conﬁguration 
of Fire Island is seen in the existence 
of broad ﬂood-delta morpho-sedimen-
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Figure 6.—Aerial view of Great Egg Harbor, portraying the submarine and subaerial morphological features of the ﬂood-tide delta 
and the shoals and channels associated with the riverine system.
tological units extending northerly 
into the bay that consist of medium 
sand near the barrier and grade to ﬁne 
and very ﬁne sand with silt toward the 
north (Bruderer, 1970; Rockwell, 1974; 
Jones and Schubel, 1980; Bokuniewicz 
and Schubel, 1991). The largest ﬂood-
delta deposit with a myriad of chan-
nels, shoals, and marsh islands extends 
inland from Fire Island Inlet (Fig. 7, 8). 
The sediments are well-sorted medium 
sands, coarsening with gravels and 
shell fragments lining the bottoms of 
the channels. Ali et al. (1976) distin-
guished components of the tidal deltas 
based on current ﬂow regimes and noted 
that whereas the tidal channels had a 
distinctive high energy sediment-size 
distribution, the deeper embayment was 
often modiﬁed by the energy-absorbing 
eelgrass to create ﬁne grain size accumu-
lations. The very large ﬂood-tide delta 
at Fire Island Inlet is probably related to 
the persistence of that inlet compared to 
other sites discharging into Great South 
Bay as well as the extensive migration 
of the inlet at the western margin of the 
barrier, more than 8 km from 1825 to 
1941 (Smith et al., 1999; Allen et al., 
2002).
A large ﬂood-delta deposit is also 
found at the eastern end of Great South 
Bay, emanating from the aptly-named 
“Old Inlet” portion of Fire Island (Fig. 
7, 8). Another major ﬂood-delta extends 
from the Watch Hill region of the bar-
rier island. The deepest areas near the 
mainland are sites of silt accumulations 
(Greene et al., 1978). They also tend to 
be associated with stream valleys cut 
into the mainland topography, and thus 
the morpho-sedimentary units at these 
sites are related to the pre-existing ﬂuvi-
al topography and to the ﬂuvial sources 
of ﬁne-grained sediments. In a few loca-
tions, beach deposits occur on the inland 
margin of the estuaries where exposure 
to waves and the presence of sand create 
the opportunity for sorting and transport 
of the sand at the water contact and for 
some distance offshore.
To the north of the barrier island and 
its ﬂood delta extension, there is a con-
siderable admixture of silt in the surface 
sands, increasing the silt content into 
deeper water. Vast seagrass beds occur 
in these portions of Great South Bay 
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Figure 7.—Distribution of morpho-sedimentary units in Great South Bay.
Figure 8.—Aerial view of Great South Bay, portraying the submarine and subaerial 
morphological features of the extensive ﬂood-tide delta associated with the Fire 
Island Inlet and the ﬂood-delta deposits from earlier inlets.
(Greene et al., 1978). They modify the 
local tidal currents and ambient wave 
action and, together with the siltier 
sedimentary units, offer suitable habitat 
for shellﬁsh.
Shinnecock Bay
The Shinnecock Bay embayment 
incorporates an area of 33 km2 and is a 
complex lagoon-type estuary with one 
active inlet. It has a coastal length of 
about 15 km and a width that varies from 
0.6 km to about 4.5 km, with a general 
maximum depth of 3 m (Fig. 9). The 
semi-diurnal tides are microtidal, vary-
ing from about 1.01 m mean tide range 
at the inlet, to 0.86 at Ponquogue Point 
(2 km distance) and 0.74 m in the bay 
at a distance of about 4 km (Militello 
and Kraus, 2001). The estuary is shal-
lowest at its southern margin, adjacent 
to the barrier, and has a general depth of 
about 3 m throughout much of the inner 
portion of the estuary. The morpho-sedi-
mentary units within the estuary are re-
lated to the geomorphological evolution 
of the barrier spit as it migrated inland 
and extended westerly, and as it was 
breached by inlets at several locations, 
primarily in the eastern portion of the 
barrier (Morang, 1999).
The Great Hurricane of September 
1938 (Long Island Express) produced 
several sites of large washover across 
the barrier and into the estuary. This 
major storm also created the present 
Shinnecock Inlet, occupying a former 
inlet location, that migrated westerly 
until stabilized with jetties in 1952–55 
(Rosati et al., 1999). The modern ﬂood-
tide delta is the most recent addition to 
the broad sandy shelf that is extending 
inland along the entire length of the 
barrier (Fig. 9, 10). The inlet margin 
of the delta is composed of the coars-
est sediment (Pratt and Stauble, 2001); 
the dredged channels incorporate some 
gravel as well as shell debris and coarse 
sand that extend through and at the 
margins of the ﬂood-tide delta (Dooley, 
1974). Most of the shoal surface of the 
tidal delta as well as the shallow shelf 
along the inland margin of the barrier 
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Figure 9.—Distribution of morpho-sedimentary units in Shinnecock Bay.
Figure 10.—Aerial view of Shinnecock Bay, portraying the submarine and subaerial 
morphological features of the ﬂood-tide delta and the sandy shelf extending inland 
along the barrier.
is medium sand. Toward the inland 
margin of the shelf and shoal, and at 
greater depths, sediment is largely ﬁne 
sand in and among seagrass beds. 
The inland margin of the estuary is 
often the site of glacial-ﬂuvial sedi-
ments that are worked by the ambient 
waves and currents to create narrow 
sandy beaches and sandy offshore 
zones. The variable glacial topography 
produces a patchwork of sediment 
types that continue into the estuary 
and contributes to a mix of morpho-
sedimentary units at the inland portion 
of the estuary.
Shellﬁsh habitat is limited near the 
barrier island because of planar mor-
phology, shallow depths, and exposure 
to predators (MacKenzie et al., 2006). 
However, the deeper bay has greater 
morpho-sedimentological variety and a 
greater range of habitat characteristics.
Pleasant Bay Estuary
The Pleasant Bay embayment is a 
complex estuary with an area of 29 km2 
and two active inlets toward its southern 
margin. The bay has a coastal length of 
about 11 km and a width that varies from 
less than 1 km at its northern portion to 
a maximum of about 5 km in the central 
portion (Fig. 11). The ocean tidal range 
is about 2 m at the inlet, at the limit of 
the microtidal classiﬁcation. However, 
the tides decrease in range in the estuary, 
varying from about 1.58 m spring tide 
inside the inlet, to 1.13 m in Pleasant 
Bay, and to 0.4 m at the northern limits 
of the estuary.4 The estuary is shallow-
est at its eastern margin, adjacent to 
the barrier, and deepest (maximum of 
7 m) toward the northern contact with 
the continent. The morpho-sedimentary 
units within the estuary are related to 
the geomorphological evolution of the 
barrier spit as it migrated inland and 
extended southerly (Goldsmith, 1972).
Sediment supply consists largely of 
medium sand derived from erosion of 
the glacial deposits north of Chatham 
and the alongshore transport creating the 
Nauset Spit barrier. As the spit extended 
southward, considerable sand accumu-
lated on the ﬂood-tide-delta side of the 
barrier. Goldsmith (1972) suggested that 
the spit was periodically breached at an 
updrift location and a new inlet migrated 
southerly at some multi-decadal to cen-
turial time scale. Recent inlet breaches, 
in 1958 (Hine, 1972), in 1987 (Borrelli, 
2008), and 2007 have contributed to the 
morpho-sedimentological development. 
As a result, the ﬂood-tide delta was re-
juvenated at this temporal interval and 
repeatedly extended into the estuary.
The existing ﬂood-tide delta is con-
tinuing to evolve and has a very complex 
pattern of channels (Fig. 11, 12). Some 
are inherited from the tidal ﬂows as-
sociated with the 1987 inlet, and others 
are related to the 2007 inlet. Whereas 
most of the shoals in the ﬂood-tide delta 
consist of medium sand, the channels are 
lined with coarse sand and shell debris. 
The estuary deepens quickly beyond the 
limits of the tidal delta and the sediments 
also grade quickly to ﬁne and very ﬁne 
sand. The central portion of Pleasant 
4Mean tide conditions are available for Pleas-
ant Bay on the NOAA Tides and Currents web-
site located at: http://tidesandcurrents.noaa.
gov/tides09/tab2ec1b.html#8
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Figure 11.—Distribution of morpho-sedimentary units in Pleasant Bay.
Bay has silt deposits. At a number of 
locations along the margin of the bay, 
erosion of the glacial deposits provides 
ﬁne sand to accumulate as a localized 
beach feature and an associated sandy 
offshore slope. 
The complex geomorphological his-
tory leads to a wide variety of shellﬁsh 
habitats, ranging from deep abandoned 
channels lined with shell debris to mod-
erately-deep silty pockets with seagrass 
beds. The 2007 inlet in Nauset Spit is 
causing a migration of shoals and chan-
nels and is redeﬁning sites of shellﬁsh 
abundance.
Conclusions
The geomorphological characteristics 
of the selected microtidal estuaries in 
the northeastern U.S. are largely related 
to the dynamic evolution of the barrier 
island system over the past 3,000 years 
or so (young in a geological sense) and 
the concomitant transfers of sediment 
through inlets as well as overwash into 
the estuaries. The vectors of sediment 
transport in barrier island systems dic-
tate that the greatest thickness of sedi-
ment and the coarsest sizes of sediment 
are at the seaward margin of the estuar-
ies. Each of the estuaries is ﬂood-tide 
dominant and, in general, each is shal-
lowest at the seaward margin, except for 
the inlet channels, and deepens toward 
the mainland. The ﬂood-tide deltas are 
the most dynamic component of the 
geomorphological system, accumulating 
great masses of sediment and extending 
into the estuaries. 
In the natural progression of barrier 
island development and inlet migration, 
the ﬂood-tide delta has shifted downdrift 
as the inlet migrated. The result was 
a continual expansion of the shallow 
shelf on the inland margin of the bar-
rier island. As a consequence, the water 
depths tend to increase inland away 
from the barrier island and toward the 
mainland as a function of distance from 
the source of sediment input 
Also, the deeper areas near the 
mainland are zones of accumulation 
of ﬁne sediment, very-ﬁne sand, and 
silts, derived from the ﬂuvial sources 
draining the upland. Bottom types are 
therefore coarser toward the mouths of 
the estuaries and ﬁne along an inland 
gradient. Sand is predominant in all of 
the estuaries. Silt is in isolated pockets 
near the mainland, often associated with 
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Figure 12.—Aerial view of Pleasant Bay, portraying the submarine and subaerial 
morphological features of the ﬂood-tide delta, the complex pattern of channels and 
shoals, and the recently-formed 2007 inlet. 
some ﬂuvial input. Shellﬁsh habitat, 
therefore, improves away from the bar-
rier islands as sediment types get ﬁner, 
topographical variety ensues, and depths 
increase. Some of the estuaries, Shin-
necock and Pleasant Bay, have a more 
dynamic morpho-sedimentary evolution 
because of the recent inlet development. 
The others are more stable and represent 
an end product of the evolutionary trend 
of microtidal barrier island estuarine 
environments. Overall, the pattern of 
bottom sediments is a product of a geo-
morphological process interacting with 
available sediment in a system of barrier 
island development under a sea-level 
rise scenario. 
Acknowledgments
We would like to extend our apprecia-
tion to Clyde MacKenzie, Jr. (NOAA, 
NMFS, Sandy Hook, NJ) for suggest-
ing this manuscript, for his patience in 
our long-promised delivery, and for his 
review of our manuscript. Peter Den-
nehy chased down a lot of the reference 
material and doggedly pursued a variety 
of channels in bringing information 
together. Nick Kraus and Don Stauble 
of the Coastal Hydraulics Laboratory, 
U.S. Army Corps of Engineers, Vicks-
burg, MS, provided project reports 
and steered us to additional sources. 
Mark Borrelli, Provincetown Center 
for Coastal Studies, extracted pertinent 
data from his dissertation on Chatham 
Harbor-Pleasant Bay and provided leads 
to data sets. Mike Siegel, Rutgers Uni-
versity, Piscataway, NJ, took our notes 
and lines and transformed them into 
the maps accompanying this article. A 
special note of appreciation is extended 
to the host of information available on 
the Worldwide Web for making an array 
of data available to us and for providing 
leads sometimes because of and some-
times in spite of our use of sites and 
descriptors. Finally, we acknowledge 
the constructive review accomplished 
by Willis Hobart, NOAA, Editor of the 
Marine Fisheries Review. His comments 
and direction were very helpful.
Literature Cited
Ali, S. A., R. H. Lindemann, and P. H. Feldhau-
sen. 1976. Multivariate sedimentary envi-
ronmental analysis of Great South Bay and 
South Oyster Bay, New York. Math. Geol. 
8:283–304.
Allen, J. R., C. LaBash, P. August, and N. P. 
Psuty. 2002. Historical and recent shore-
line changes, impacts of Moriches Inlet, and 
relevance to Long Island breaching at Fire 
Island National Seashore, N.Y. Dep. Inter., 
Natl. Park Serv. Tech. Rep. NPS/BSO-RNR/
NRTR/2002-7, 76 p.
Bindoff, N. L., J. Willebrand, V. Artale, A. Caze-
nave, J. Gregory, S. Gulev, K. Hanawa, C. Le 
Quéré, S. Levitus, Y. Nojiri, C. K. Shum, L. D. 
Talley, and A. Unnikrishnan. 2007. Observa-
tions: oceanic climate change and sea level. 
In S. Solomon, D. Qin, M. Manning, Z. Chen, 
M. Marquis, K. B. Avery, M. Tignor, and H. 
L. Miller (Editors), Climate change 2007: the 
physical science basis, p. 385–432. Contrib. 
Work. Group I Fourth Assess. Rep. Intergov. 
Panel Clim. Change, Camb. Univ. Press, 
Cambridge, UK.
Bokuniewicz, H. J., and J. R. Schubel. 1991. 
The origin and development of the Great 
South Bay: a geological perspective. In J. R. 
Schubel, T. M. Bell, and H. H. Carter (Edi-
tors), The Great South Bay, p. 7–10. State 
Univ. N.Y. Press, Stony Brook. 
Borrelli, M. 2008. Sediment transport in a 
dynamic, tidally-inﬂuenced coastal embay-
ment exempliﬁed by Pleasant Bay and Cha-
71(3) 45
tham Harbor, Cape Cod, Massachusetts. Ph.D. 
diss., Univ. R.I., Kingston, 154 p.
Bruderer, B. E. 1970. A preliminary investigation 
of the sediments of the Great South Bay, Long 
Island, New York. M.S. Thesis, Long Island 
Univ., Brookville, 86 p.
Cooper, J. A. G. 2001. Geomorphological vari-
ability among microtidal estuaries from the 
wave-dominated South African coast. Geo-
morphology 40:199–122.
Davies, J. L. 1964. A morphogenetic approach to 
world shorelines. Zeit. Geomorphol. 8:127–
142.
Day, J. H. (Editor). 1981. Estuarine ecology: 
with particular reference to Southern Africa. 
A.A. Balkema, Rotterdam, 419 p.
Dobday, M. P. 1981. The Holocene geologic his-
tory of the Great Egg Harbor River estuary. 
M.A. Thesis, Temple Univ., Phila., 200 p.
Donnelly, J. P. 2006. A revised Late Holocene 
sea-level record for northern Massachusetts, 
USA. J. Coast. Res. 22 (5):1,051–1,061.
Dooley, D. W. 1974. A preliminary investigation 
of the sediments of Shinnecock Bay, Long 
Island, New York. M.S. Thesis, Long Island 
Univ., Brookville, 80 p.
FitzGerald, D. M., and J. Knight (Editors). 2005. 
High resolution morphodynamics and sedi-
mentary evolution of estuaries. Coastal Sys-
tems and Continental Margins 8, Springer, 
N.Y., 364 p.
Goldsmith, V. 1972. Coastal processes of a bar-
rier island complex and adjacent ocean ﬂoor: 
Monomoy Island-Nauset Spit, Cape Cod, 
Massachusetts. Ph.D. Diss., Univ. Mass., 
Amherst, 469 p.
Greene, G. T., A. C. F. Mirchel, W. J. Behrens, 
and D. S. Becker. 1978. Surﬁcial sediment 
and seagrasses of eastern Great South Bay, 
N.Y. Mar. Sci. Res. Cent., Stony Brook, Spec. 
Rep. 12, 30 p.
Guo, Q., and N. P. Psuty. 1997. Flood-tide deltaic 
wetlands: detection of their sequential spatial 
evolution. Photogrammetric Eng. Remote 
Sensing 63:273–280.
Guo, Q., N. P. Psuty, G. Lordi, and C.-S. Tsai. 
1997. Circulation studies in Barnegat Bay. 
In G. Flimlin and M. J. Kennish (Editors), 
Proceedings of the Barnegat Bay Workshop, 
p. 17–29. Coop. Ext. Ocean County, Toms 
River, N.J. 
Hayes, M. O. 1975. Morphology of sand accu-
mulation in estuaries: an introduction to the 
symposium. In L. E. Cronin (Editor), Estua-
rine Research, II, p. 3–22. Acad. Press, N.Y.
________ . 1980. General morphology and 
sediment patterns in tidal inlets. Sed. Geol. 
26:135–156.
Hine, A. C. III. 1972. Sand deposition in the 
Chatham Harbor estuary and on the neighbor-
ing beaches. Master’s Thesis, Univ. Mass., 
Amherst, 176 p.
Hunt, H. L. 2005. Effects of sediment source and 
ﬂow regime on clam and sediment transport. 
Mar. Ecol. Prog. Ser. 296:143–153.
Isla, F. 1995. Coastal lagoons. In G. M. E. Perillo 
(Editor), Geomorphology and sedimentology 
of estuaries, p. 241–272. Dev. Sedimentol. 53, 
Elsevier, N.Y.
Jones, C. R., and J. R. Schubel. 1980. Distribu-
tion of surﬁcial sediment and eelgrass in Great 
South Bay, New York (from Smith Point, west 
to Wantagh State Parkway). Mar. Sci. Res. 
Cent., Stony Brook, Spec. Rep. 19, 19 p.
Kennish, M. J. 1986. Ecology of estuaries I: 
physical and chemical aspects. CRC Press, 
Boca Raton, FL, 254 p.
________ . 2000. Barnegat Inlet, New Jersey: a 
case study of stabilization impacts. Bull. N.J. 
Acad. Sci. 45:13–18.
________ . 2001. Physical description of the 
Barnegat Bay–Little Egg Harbor estuarine 
system. In M. J. Kennish (Editor), Barnegat 
Bay—Little Egg Harbor, New Jersey: estuary 
and watershed assessment, p. 13–27. J. Coast. 
Res., Spec. Iss. 32.
Knight, J., and D. M. FitzGerald. 2005. Towards 
an understanding of the morphodynamics and 
sedimentary evolution of estuaries. In D. M. 
FitzGerald and J. Knight (Editors), High reso-
lution morphodynamics and sedimentary evo-
lution of estuaries, p. 1–10. Springer, N.Y.
MacKenzie, C. L., Jr., R. Pikanowski, and D. G. 
McMillan. 2006. Ampelisca amphipod tube 
mats may enhance abundance of northern 
quahogs Mercenaria mercenaria in muddy 
sediments. J. Shellﬁsh Res. 25:841–847.
Mann, R., J. M. Harding, M. J. Southworth, and 
J. A. Wesson. 2005. Northern quahog (hard 
clam) Mercenaria mercenaria abundance and 
habitat use in Chesapeake Bay. J. Shellﬁsh 
Res. 24:509–516.
McMaster, R. L. 1954. Petrography and genesis 
of the New Jersey beach sands. State N.J. 
Dep. Conserv. Econ. Develop., Trenton., Bull. 
63, 259 p.
Militello, A., and N. C. Kraus. 2001. Shinnecock 
Inlet, New York, site investigation: Report 4, 
Evaluation of ﬂood and ebb shoal sediment 
source alternatives for the west of Shinnecock 
interim project, New York. U.S. Army Eng. 
Waterway Exp. Stn., Vicksburg, MS, Tech. 
Rep. CHL-98-32, 212 p.
Morang, A. 1999. Shinnecock Inlet, New York, 
site investigation: Report 1, Morphology and 
historical behavior. U.S. Army Eng. Water-
ways Exp. Stn., Vicksburg, MS, Tech. Rep. 
CHL-98-32, 94 p.
Perillo, G. M. E. (Editor). 1995. Geomorphol-
ogy and sedimentology of estuaries. Develop-
ments in Sedimentology 53, Elsevier, N.Y., 
471 p.
Pratt, T. C., and D. K. Stauble. 2001. Shinnecock 
Inlet, New York, site investigation: Report 
3, Selected ﬁeld data report for 1997, 1998, 
1999 velocity and sediment surveys., U.S. 
Army Eng. Waterway Exp. Stn., Vicksburg, 
MS, Tech. Rep. CHL-98-32, 19 p. 
Psuty, N. P. 2004. Morpho-sedimentological 
characteristics of the Barnegat Bay–Little Egg 
Harbor estuary. In D. W. Davis and M. Rich-
ardson (Editors), The coastal zone: papers in 
honor of H. Jesse Walker, p. 81–92. Geosci. 
Man Ser. 38, La. State Univ., Baton Rouge.
________ , M. Grace, and J. P. Pace. 2005. The 
coastal geomorphology of Fire Island: a por-
trait of continuity and change (Fire Island 
National Seashore Science Synthesis Paper). 
U.S. Dep. Inter., Natl. Park Ser., Northeast 
Reg., Boston, Tech. Rep. NPS/NER/NRTR-
2005/021, 70 p. 
Rockwell, C. 1974. Recent sedimentation in the 
Great South Bay, Long Island, New York. 
Ph.D. Diss., Cornell University, Ithaca, N.Y., 
147 p.
Roman, C. T., N. Jaworski, and F. T. Short. 2000. 
Estuaries of the northeastern United States: 
habitat and land use signatures. Estuaries 
23:743–784.
Rosati, J. D., M. B. Gravens, and W. G. Smith. 
1999. Regional sediment budget for Fire 
Island to Montauk Point, New York, USA. In 
N. C. Kraus and W. G. McDougal (Editors), 
Coastal Sediments ’99, p. 802–881. Am. Soc. 
Civil Eng., Reston, VA.
Smith, W. G., K. Watson, D. Rahoy, C. Rasmus-
sen, and J. R. Headland. 1999. Historic geo-
morphology and dynamics of Fire Island, 
Moriches and Shinnecock Inlets, New York. 
In N. C. Kraus and W. G. McDougal (Edi-
tors), Coastal Sediments ’99, p. 1,597–1,612. 
Am. Soc. Civil Eng., Reston, VA
Taney, N. E. 1961. Geomorphology of the south 
shore of Long Island, New York. Beach Ero-
sion Board, U.S. Army Corps Eng., Fort Bel-
voir, VA, Tech. Memo. 128.
Walker, H. J., and J. M. Coleman. 1987. Atlan-
tic and Gulf Coastal Province. In W. L. Graf 
(Editor), Geomorphic systems of North 
America, p. 51–110. Geol. Soc. Am., Boul-
der, CO. 
Williams, S. J. 1976. Geomorphology, shallow 
sub-bottom structure, and sediments of the 
Atlantic inner continental shelf off the Long 
Island, New York. U.S. Army Corps Eng., 
Coast. Eng. Res. Cent., Fort Belvoir, VA, 
Tech. Pap. 76-2, 123 p.
